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Part A — Research Results

A.1 Scientific Highlights

- Orsay

(Task I, Molecular Robots) At low temperature (5K), the biphenyl molecule adsorbed on a Si(100)
surface behaves as a bistable molecule which can be rotated in a reversible fashion from one stable
configuration to the other, or into a transient state, by electronic excitation with electrons from the
STM tip. Although this transient state has a relatively short lifetime, it has been possible to change
its stability and image the corresponding molecular conformation by carefully modifying the
structure of the molecule environment via STM manipulation. Moreover, the switching yield has
being increased by more than two orders of magnitude. These experiments evidence how the
molecular dynamics of a single molecule is very sensitive to the structural variations of its
environment at the atomic scale. This suggests new methods to engineer the performances of a
molecular nano-machine by manipulating its environment with atomic-scale precision.

Figure 1 : STM topography showing several bistable molecules ; biphenyl on Si(100) at 5K

(Task IV, Manipulations on insulators and semiconductors) As afirst step towards the manipulation
of molecules on wide band gap semiconductor surfaces, the Orsay group has investigated the STM
topography and spectroscopy of H,-phtal ocyanine molecules on 6H-SIC(0001) surfaces.

Figure 2 : STM topography of a H,-phtal ocyanine molecule on 6H-SC(0001)



(Task VII, Further manipulation methods) As a new tool for atomic-scale manipulation, combined
laser (157 nm) optical excitation and atomic-scale scanning tunneling microscope (STM)
observation has been used to investigate the hydrogen photodesorption from a hydrogenated Si(100)
surface (figure 3).

Figure 3 : STM topographies of the hydrogenated Si(100) surface before (a) and after (b, c, d) laser
irradiation. The bright features correspond to silicon dangling bonds after hydrogen
photodesorption.

- Aarhus (Task V, Biological systems), The work in the Aarhus STM group has during the past
year primarily focused on self-assembly and dynamics of organic molecules on surfaces in three
model systems: (i) derivatives of the original “Lander” family of molecules synthesized by the
Toulouse group, (ii) DNA bases obtained from commercial suppliers, and (iii) a family of organic
molecules syntesized by collaboration partners withing the iNANO center. Whereas (i) and (ii)
constitute continuations of work described in the first two AMMIST reports, the work described
under (iii) constitutes a new, very promising, line of research.

Key results from each of these three lines of investigation will be released in the future.

- Toulouse (Tasks I, Il and VI, Design of molecules, Individual molecules as molecular robots
and Theoretical models), This year, the Toulouse group has concentrated its efforts in the design
and synthesis of a molecular Morse manipulator and in a parallel way on the calculation of the
behavior of such molecule on a copper surface. The calculation performed on the Morse molecule
have been done in order to understand the interaction of the molecule with the surface after
application of the STM tip. We have also pursued the study of the molecular wheelbarrow and of
the two wheels axle of the barrow independently, trying to obtain a movement of rotation of the
wheels.

1. Design and synthesis of a molecular M or se manipulator

Following the finding that a conjugated molecule maintained in an amost physisorption
state on a copper surface can serve as a surface wave scattering centre, we have now designed a
molecule equipped with an arm holding a conjugated end group. By the similarity with the first
Morse telegraph, our molecule was designed in such way that it can be manipulated on a metal
surface thanks to a rigid aromatic platform with four legs and that the arm, which is paralel to the
first aromatic level, can be manipulated up and down the surface for the end conjugated part to
modul ate the standing wave patterns of a copper surface



The concept is shown on Figure 8, the tip of the STM will be the input to change the
conformation of the finger from up to down. The contact of the red finger will then generate waves
on the surface..
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Figure 8 : Design of the molecular Morse manipul ator

This design is guided by the fact than the blue down terrace board of this molecule will also behave
like a scattering centre. Therefore, we have to separate the surface eectronic wave modulation
created by the down board to the one created at will by the movable part of the molecule.

Our targeted molecule is shown in the next figure with the same code of colour as figure 8 to
identify each part of the molecule.

Figure 9 : Chemical structure of the Morse molecule (left) and 3D model side view (right) .

The structure is similar to a two-level lander with two aromatic platforms. The magjor
difficulty in the synthesis is to have a doubly dissymetric molecule, each level being different and
each platform being dissymetric. The synthesis is underway following the retrosynthetic scheme
given below.
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Scheme 1: Proposed synthetic way for the molecular Morse.

2. Optimisation of a molecular Morse manipulator on a (111) copper surface

For convenience, we have started the optimization by a simple variation of the Morse molecule
starting from the board of a single Lander. The moving arm equipped with a pending phenyl was
supposed to be bound to the 2 front legs of the Lander. We have used a molecular mechanic
program to explore the different conformation of the Morse molecule presented below.

The free molecule presents an arm up stable position with a large barrier to reach the arm down
conformation. The interaction with the surface re-equilibrate the 2 conformations meaning that a
tip pressure at the end of the arm will help to pass from the up to the down conformation. This
was tested using an STM tip.

on the surface



Figure 10: The different conformation of a Morse molecule made of a single Lander and a
molecular arm group holding a phenyl molecule.

3. Molecular wheelbarrow

In collaboration with the Berlin group and for the molecular wheel barrow, we have continued to
analyze the experimental STM images obtained after the sublimation of the molecular wheelbarrow
molecule on the Cu(100) surface in UHV. While it is relatively easy to interpret and extract the
conformation of the full wheel barrow using the ESQC STM image calculation techni que combined
with Molecular Mechanic caculations, we have still some difficulties to determine the exact
conformation of the fragment around. It seems that surface reaction occur at the Cu(100) surface
with the molecular wheelbarrow fragments. The wheel dimer fragments are easily recognized and
the conformation extracted. This is not the case for the 2 other ones. Those are certainly trimer and
guadrimer of wheels. But their conformation remains to be determined. Nevertheless, the
recognition and the conformation determination of the wheel dimers open the experimental
possibility to manipulate this 2 wheel molecule on a well adapted Cu(110) surface to trigger a
rotation of the wheelsin a single molecule. This was explored by the Berlin group.

Figure 11: Experimental images and probable identification and conformation of the wheel dimer,
trimer and tetramers.



- Zurich ( Task 1V, Atomic and molecular manipulations on insulators), In the third year, we have
continued our studies on the manipulation of single metal atoms on ultrathin insulating films.
Moreover we have studied the properties of single chlorine vacanciesin these films.

In the previous reporting period we have investigated the reversible charging of a single gold
adatom on a 2 ML thick NaCl film on Cu(111). Further investigations on the same system now
showed that it is possible to transfer these Au atoms reliably to the STM apex. This opens up a
reliable way to buildup STM tips in an atom by atom way. This technique can be directly extended
to other metal adatoms and molecules, since it is based on the low binding energy of adsorbates on
ultrathin insulating NaCl films.

Starting with a charged Au anion this transfer process can be coupled with the formation of a
chlorine vacancy, exactly located below the initial adsorption site of the Au adatom. Previousy
known alternatives to create chlorine vacancies relied on the exposure of the NaCl surface to higher
energy electrons, either from an external electron gun or by operating an STM tunnel junction at
bias voltages close and higher than 10V. But due to the uncontrolled nature of these processes the
created chlorine vacancies were distributed randomly on the surface.

We have studied the detailed electronic structure of a chlorine vacancy. In STM, Cl anions are
imaged as protrusions on NaCl films. Asillustrated in Fig.12a for the NaCl bilayer on Cu(111), the
Cl vacancies are imaged as missing protrusions accompanied by an increase in the corrugation of
the adjacent Cl ions. The assignment of the created defects to single Cl vacancies was verified by
comparing the simulated (Fig.1c) and observed STM images in Fig.12a. The enhanced corrugation
of the adjacent protrusions is caused by the outward relaxation of the Cl anions. As shown by the
di/dVv spectra in Fig.12d, the Cl vacancy in a NaCl bilayer on Cu(311), Cu(100), and Cu(111)
induces an unoccupied VS at 2.03V, 2.57V, and 2.83V, respectively. The peak positions follow
roughly the differences in work functions for the clean Cu facets. The state is localized at the
vacancy site, and for voltages exceeding the VS energy the tunneling is dramatically enhanced, by
four orders of magnitude compared to tunneling through the defect-free bilayer. Thisis revealed by
the large protrusion of about 0.45nm in height in the STM image (Fig. 12b).

Contrary to F-Centers in the bulk the vacancy state is unoccupied giving rise to an overall positive
charge. We have shown before that in the case of NaCl films on a Cu(111) surface an interface state
exists at the NaCl/Cu(111) interface. The electrons in this interface state form a free electron like
two dimensional electron gas. This electron gas can be used to determine the charge state of defects
and adsorbates. In the case of charged defects strong scattering of the interface electronsis observed
due the long range nature of the electrostatic field. Additionally in the particular case of positively
charged defects, a bound electronic state forms due to the additiona attractive interaction. This
interface state localization results in a bound state which is located just below the bottom of the
interface state band (Fig 12d).

Tunneling into the empty vacancy state gives rise to inelastic tunneling due to strong electron
phonon coupling to optical phonons in the underlying polar insulating film. This could be exploited
to induce lateral manipulation of individual chlorine vacancy sites. Apart from these inelastic
excitations also the electrostatic interaction between the positively charged vacancy site and the
electrostatic field of the STM tip was successfully used to manipulate chlorine vacancies in these
films.



Figure 12

- Birmingham (Task I, Molecular Robots), The highlight of the Birmingham single molecule
manipulation program, a long standing collaboration with the Gothenberg group, was the
publication of the paper in Nature (2005) demonstrating bond-sel ective intramolecular manipulation
— of the chlorobenzene molecule on the Si(111) — 7x7 surface — at room temperature.

Single molecule manipulation

The work demonstrated the viability of controlled intramolecular manipulation experiments in the
challenging room temperature regime, though the use of a molecular anchor group to bind the
molecule to the surface and present the target group to the STM tip. The work also demonstrated a
novel two-electron mechanism, which was attributed to symmetry breaking in the molecule via
vibrational excitation by the first electron, enabling efficient p- s coupling and thus dissociative
electron attachment of the second electron to generate energetic Cl anions. The radial and azimuthal
distributions of the chlorine daughter fragments, with respect to the di s bonding axis of the
benzene ring, were obtained, and shown to depend on the time interval between the two electron
arrival events, and thus the degree of decay of the vibrationally excited molecular mode. Energetic
chlorine fragments scatter off surface silicon atoms, randomising the angular distribution, but
slower fragments are captured primarily by the first ring of silicon adatoms which circles the
chlorobenzene parent molecule.



Figure 13: STM images showing the azimuthal orientation of the bonding axis for chlorobenzene on
Si(111) — 7x7 (af) and experimental angular distributions showing the final location of the chlorine
fragments (with respect to the bonding axis) generated by single molecule, two-€lectron molecular
dissociation at room temperature.

Metal Surface M anipulation

Gold fingers, one atomic layer (0.25nm) high, 4-5 nm wide, and several hundred nm long have been
formed on the (111) surface of gold at room temperature by a combination of STM atomic
manipulation and surface self-organisation. Each finger has two parallel edges (type A and type B,
respectively) running along its length. The type A step is found to have a higher step energy and
becomes nano-faceted when disturbed by either thermal energy or the electric field under the STM
tip, leading to the transformation of the fingers into “nano-knives’. Our findings reveal the
important role of the step energy in the process of nanostructure fabrication on surfaces. The gold
fingers also provide an ideal system for the investigation of meta-stable nanostructures.
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Figure 13: STM images (145 x 145 nm) showing a region of the Au(111) surface before and after
surface modification scans at room temperature. (a) Before any horizontal modification scan; (b)
after 5 scansat 1.03V and 50 nA; (c) after 30 scansat 1.03V and 50 nA. The faceting is similar to
that caused by thermal annealing, but tends to be more extensive.

Scanning Probe Ener gy L 0ss Spectr oscopy

Nanoscale science is driven by the development of new tools and techniques. The Scanning Probe
Energy Loss Spectrometer (SPELS) developed in the Birmingham Lab records a local,
backscattered electron energy loss spectrum — using an STM tip as a local field emission electron
source — and thus provides spectroscopic, i.e., electronic and chemical, information about surface
features on the nanometre scale. The highlights of this work in the past year are twofold. (i) We
have for the first time reported the spatial resolution available from the SPELS technique;
demonstration experiments show that surface features 10-20nm in size can be identified, and that
local spectra can be obtained from 50x50nm squares on the Si surface. (ii) We have shown that
local secondary electron spectra can also be recorded with the SPELS instrument. These features
appear at fixed kinetic energy and so can be readily distinguished from energy loss peaks. They
reveal the local nature of the (conduction) band structure of the surface. Thus SPELS is shown to be
a versatile spectroscopic technique, generating specta rich in chemical and electronic detail with an
impressive spatia resolution approaching 10nm.

- Goteborg (Task VI, Theoretical modelling), We have in close collaboration with the IBM
Zurich group continued our studies of the physics and chemistry of adsorbates on and vacancies in
ultrathin insulating NaCl films on copper surfaces. These studies contribute in part to the grand
challenge of manipulating atoms on molecules on these films with the objective to assemble
nanostructure with specific functions. A most interesting property of ultra-thin insulating films is
their efficient decoupling of adsorbate electronic states from the metal support while having still a
sufficient tunnelling probability to carry out tunnelling measurements. One highlight has been the
combined experimental and theoretical study of tunnelling through vacancies on ultra-thin NaCl
films on Cu surfaces. In contrast to vacancies in bulk NaCl, we find that the vacancy state is
unoccupied, which has important implication for its chemica reactivity and interactions with
adsorbates. We show that the broad line shape of the vacancy state as observed in scanning
tunnelling spectroscopy is an effect of strong coupling of a temporarily trapped electron with the
optical phonons in the film rather than the film being leaky. This finding is based on a simple
inelastic tunnelling model with parameters from density functional caculations using a DSCF
approximation for treating the temporary trapping of the electron in the vacancy state.



Figure 14: lllustration of the covalent and ionic nature of positively (Ag’) and negatively (AgQ)
charged Ag adatoms on an NaCl bilayer on Cu(100), respectively using the electron density
differences, Dr, for (left) Ag® and (right) Ag" on an NaCl bilayer on Cu(100), where
Dr =r agionaciicuaoo) — (I 2naciicuqoo) + T ag). The positions of Ag, Cl and Na are indicated by x, o and
open diamonds, respectively.

We have continued our studies of multiple charge states of adatoms on the NaCl films supported by
a copper surface. In particular, we find that the Ag adatom can either be neutral or positively
charged. In the calculations, we have also identified a metastable negatively charged state (Figure
14). We have also pointed out the deficiencies of local and semi-local approximations for the
exchange-correlation (XC) energy in density functional theory to describe the tunnelling through
neutral adatoms on insulating films and their interactions with the film. For example, the adatoms
can have an unphysical fractional charge state in these calculations. We have pointed out that this
artefact is a consequence of the derivative discontinuity of the XC energy not being described
properly by these approximations of the exchange-correlation potential. We show that an inclusion
of a Coulomb interaction term U provides aremedy for this artefact.

- Berlin (Task 11, Molecular robots), the controlled lateral manipulation in constant height mode
of Single Lander molecules adsorbed on the Cu(211) surface was studied as shown un Fig.15,
demonstrating that the tunneling current recorded during the process is owing through the central
molecular wire even if the STM tip is pushing only on a leg of the molecule. The measured signal
of manipulation results principally from the mechanical deformation of the molecular board.

Figure 15. Experimental constant height manipulation of a Lander molecule in the [011] direction,
parallel to the intrinsic steps of the Cu(211). (a) Lander on aterrace before the manipulation in the
crossed legs conformation; the black arrow indicates the exact path performed by the tip during the



process. (b) Lander after the manipulation. (c) Current signal recorded during the process. STM
parameters: (a),(b): V=0:9V, 1 =0:2nA; (c): z=56 A,V =0:03 V.

Reactive Lander molecules have been investigated on Cu(110). The molecul es were manipulated to
form a planar one-end electronic contact between the molecular wire of this molecule and the self-
created nanoelectrode shown in Fig.16. At the contact position, we observe an increase of the STM
contrast, which can be related with the electronic interaction between the contacting group of the
molecular wire and the end atoms of the nanowire. The special chemical structure of the Reactive
Lander molecules used in this study alows increasing this electronic interaction respect to previous
studies with Single Lander molecules in the prospect to reach a large contact conductance at the
contact junction.

Figure 16: (a) Chemical structure of the RL molecule. (b) RL molecule on a Cu(110) terrace after
removal from a step edge by lateral manipulation (35x35 A2). The substrate orientation is indicated
and equal for all STM images. (c) RL molecules adsorbed at a Cu(110) step edge (80x80 A?). (d)
After removal of a molecule by lateral manipulation a nano-pad is visible at the adsorption site
while the intact molecule is on the lower terrace (80x80 A?).

Moreover, during the last year, the deposition and imaging of nanoscale molecular wheelbarrows
have been studied. These molecules integrate, in analogy to macroscopic barrows, two wheels, legs
and handles along a polyaromatic platform (Fig. 17).After deposition, the molecules are imaged by
STM on clean Cu(100) terraces and identified by comparison with calculated images. Three
conformations were determined and assigned to different adsorption geometries of the molecules.
While the molecular wheels have a characteristic appearance for all conformations, the changes of
the adsorption geometry of the central platform are clearly visible in the STM images. Lateral
motion of the wheelbarrows is not possible, because of the strong interaction of the two front
wheels with the metal surface.



Figure 17: Comparison of an experimental () and a calculated (b) STM image of a molecular
wheelbarrow on Cu(100) (both images are 4 x 5 nm? in size). In (&) (I = 0.3 nA, U = 0.5 V)
contamination is weakly visible in the upper right corner of the image. The calculated image is
based on the molecular conformation shown schematically in (c). The experimentally determined
(exp) and calculated (calc) height profiles of the wheelbarrow aong the wheel axis are compared in
(d). The wheelbarrows are equally oriented in the images and the scheme, having a vertically
oriented wheel axle in the figure.

A.2 Joint Publications

Joint publications:

1) (Aarhus and Toulouse, Task I, 1l and V1)

Chiral Close-Packing of Achiral Sar-Shaped Molecules on Solid Surfaces.

Maya Schock, Roberto Otero, Sadjana Stojkovic, Frauke Hummelink, André Gourdon, Erik
Laegsgaard, Ivan Stensgaard, Christian Joachim, Flemming Besenbacher, in prep

2) (Berlin and Toulouse, Task |1 and VI)
Imaging of a molecular wheelbarrow by scanning tunneling microscopy

L. Grill, K. H. Rieder, F. Moresco, G. Jimenez-Bueno, C. Wang, G. Rapenne, C. Joachim, Surf.
Science, 2005, 584, Letter 153-158.

3) (Berlin and Toulouse, Task |1 and V1)

Launching a molecular wheelbarrow on Cu (100) : Deposition and chemical surprises




G. Rapenne, T. Zambelli, S. Stojkovic, C. Joachim, L. Grill, F. Moresco, K. H. Rieder, manuscript
in preparation.

4) (Berlin and Toulouse, Task Il and VI)

Recording the intramolecular deformation of a 4-legs molecule during its STM manipulation on a
Cu(211) surface

M. Alemani, L. Gross, F. Moresco, K.H. Rieder, C. Wang, X. Bouju, A. Gourdon and C. Joachim,
Chem. Phys. Lett., 2005, 402, 180

5) (Berlin and Toulouse, Task |1 and VI)

Conformations and controlled manipulation of along molecular wire on Cu(111)
L. Savio, F. Moresco, L. Gross, A. Gourdon, C. Joachim, K.-H. Rieder

Surf. Sci. 585, 38-46 (2005)

6) (Berlin and Toulouse, Task |1 and VI)

Electronic interaction between a molecular wire and its atomic scale contacting pad
L. Grill, F. Moresco, K.-H. Rieder, S. Stojkovic, A. Gourdon, C. Joachim
Nanoletters 5, 859-863 (2005)

7) (Berlin and Toulouse, Task |1 and V1)

The contact conductance on a molecular wire
S. Stojkovic, C. Joachim, L. Grill, F. Moresco
Chem. Phys. Lett. 408, 134-138 (2005)

8) (Berlin and Toulouse, Task |1 and V1)

Tailoring molecular self organization by chemical synthesis - HBC derivates on Cu(111)
L. Gross, F. Moresco, P. Ruffieux, A. Gourdon, C. Joachim, K.-H. Rieder

Phys. Rev. B 71, 165428-1-7 (2005)

9) (Zurich and Toulouse, Task 1V and VI)

Molecules on Insulating Films. Scanning-Tunneling Microscopy Imaging of Individual Molecular
Orbitals

J. Repp, G. Meyer, S. M. Stojkovic, A. Gourdon, C. Joachim, Phys. Rev. Lett. 94, 026803 (2005)

10) (Zurich and Goéteborg, Task IV and V1)

Scanning Tunneling Spectroscopy of Cl-Vacancies in NaCl-Films. Srong Electron-Phonon
Coupling in Double-Barrier Tunneling Junctions

J. Repp, G. Meyer, S. Paavilainen, F. E. Olsson, M. Persson, accepted for Phys. Rev. Lett.

11) (Zurich and Géteborg, Task IV and VI)

Scanning Tunneling Microscopy and Spectroscopy of Sodium-Chloride Overlayers on a Stepped
Copper Surface.

F. E. Olsson, M. Persson, J. Repp and G. Meyer, Physical Review B 71, 075419 (2005).

Other publications:

12) Atomic-scale analysis of an adsorbate-surface bond breaking induced by optical electronic
excitation

D. Riedel, A.J. Mayne and G. Dujardin

Accepted for publication in Phys. Rev. B



13) Hydrogenated diamond crystal C(100) conductivity studied by STM
L. Hellner, A.J. Mayne, R. Bernard and G. Dujardin
Diamond and Related Materials 14, 1529 (2005)

14) Scanning tunneling microscopy imaging and spectroscopy of P-Type Degenerate 4H-SiC
(0001)

A Laikhtman, G Baffou, A JMayne and G Dujardin

J. Phys. C 17, 4015 (2005)

15) Picometer-scale electronic control of molecular dynamicsinside a single molecule
M. Lastapis, M. Martin, D. Riedel, L. Hellner, G. Comtet, G. Dujardin
Science 308, 1000 (2005)

16) Selective internal manipulation of a single molecule by scanning tunnelling microscopy
L. Soukiassian, A.J. Mayne, G. Comtet, L. Hellner, G. Dujardin, A. Gourdon
J. Chem. Phys. 122, 134704 (2005)

17) Lock-and-key effect in the surface diffusion of large organic molecules probed by STM
Roberto Otero, Frauke Himmelink, Fernando Sato, Sergio B. Legoas, Peter Thostrup, Erik
Laggsgaard, Ivan Stensgaard, Douglas S. Galvao, Flemming Besenbacher

Nature Materials 4, pp. 779-782 (2004).

18) Guanine Quartet Networks Stabilized by Cooperative Hydrogen Bonds

Roberto Otero, Maya Schock, Luis M. Molina, Erik Laagsgaard, Ivan Stensgaard, Bjerk Hammer,
and Flemming Besenbacher

Angewandte Chemie International Edition 44, pp. 2270-2275 (2005)

19) Molécules “technomimétiques’ & commande électrique
J-P. Launay , C. Coudret, G. Rapenne, Act. Chim. 2005, 287, 51-54.

20) Synthesis of technomimetic molecules : Towards rotation control in single molecular machines
and motors

G. Rapenne, Org. Biomol. Chem. 2005,. 3, 1165-1169. Selected for the cover.

21) Tip state control of rates and branching ratios in atomic manipulation,
P.A. Sloan and R.E. Palmer,
Nano Lett. 5 835 (2005).

22) Two-€lectron dissociation of single molecules by atomic manipulation at room temperature,
P.A. Sloan and R.E. Palmer,
Nature 434 367 (2005).

23) Giant contrast reversal in scanning tunnelling microscopy of zinc porphyrin monolayers on
graphite,

Q. Guo, J. Yin, R.E. Pamer, N. Bampos and JK.M. Sanders,

Chem. Phys. Lett. 402 121 (2005).

24) Nanostructured gold surfaces fabricated with the STM,
F. Yin, Q. Guo and R.E. Palmer,
Japan Jnl. Appl. Phys,, in press.



25) Beyond the herringbone reconstruction: Magic gold fingers,
Q. Guo, F. Yinand R.E. Pamer,
Small 1 76 (2005).

26) Excited states of surfaces and nanostructuresin the VUV,

J. Yin, A. Kaplan, A. Pulisciano and R.E. Palmer,

Ultrafast Phenomena in Semiconductors and Nanostructure Materials I X, eds., K.T. Tsen, J.J. Song
and H. Jiang, Proc. of SPIE Vol. 5725 (2005), p. 188.

27) Scanning probe energy |0ss spectroscopy below 50 nm resolution,

F. Festy and R.E. Palmer,
Appl. Phys. Lett. 85 5034 (2004).

Part B — Comparison with the joint programme of work

B.1 Research Objectives
Research objectives, as set down in Annex |, are till fully relevant and achievable.

B.2 Research Method

The research method has not changed
B.3Work Plan

The breakdown of tasks, schedule, milestones and research effort of the participants, as stated in
Annex | of the contract, are still fully relevant.

Asfor the specific milestones of the reporting period :

«K » (First results on manipulation on insulators) : The Zurich group has demonstrated the
mani pulation of Au atoms on ultrathin insulating NaCl films on Cu(111) (see part Al).

«L » (Simulation of results in J): The Orsay and Toulouse groups have started working in
collaboration on the simulation of the molecular switch (ref. 11). The work isin progress.

«M » (First results on the selective reactivity of individual biological molecules) : First results from
the Aarhus group indicate that it is possible to connect a reactive amine to the aldehyde group of the
salicylaldehyde moiety.

«N » (First results with high energy resolution SPELS) : The Birmingham group has demonstrated
that SPELS is versatile spectroscopic technique, generating spectra rich in chemical and electronic
detail with an impressive spatial resolution approaching 10 nm (see part Al).

« O » (Vibrational spectroscopy calculations of resultsin H) : Resultsin H are still under progress.
Calculations will be performed after the experiments will be completed.

« P » (First experiments with the AFM) : The Zurich group has built a new low temperature UHV
AFM which isjust being tested.



«Q » (First laser+STM experiments) : The Orsay group has performed the first laser+STM
experiments (see part A1 and ref. 8)

«R » (New model for the calculation of the inelastic tunnel effects) : New methods and new

concepts to calculate the tunnel current through a single molecule and elucidate the subsequent
inelastic effects are still under debates within the network.

B.4 Organisation and M anagement

B.4.1 Organisation

The communication inside the network consists in network meetings (see below), bilateral
visits between participants, e-mail discussions, meetings at international conferences and through
the network web-site (http://www.fy.chalmers.se/res/networks/ammist/).

B.4.2 List of network meetings

1) We had a research conference on « Molecular Nano-Machines » organized by the AMMIST
network on 17-21 January 2005 in the Centre of Physicsin Les Houches (France). See the network
website for the full programme of this research conference which has been attended by 51
researchers from 10 different countries. 9 young researchers from the network have been able to
present their work to a large international audience.

2) The mid-term review meting has been held on 18 January 2005 in Les Houches (France) (see the
report on the mid-term review meeting).

3) We organised a Summer School from 7 to 10 June 2005 at the Conference Park, University of
Birmingham, United Kingdom, to support young researchers in the AMMIST groups.

Lecturers:

Dr L Grill, Freie University Berlin, Germany

Dr Q Guo, University of Birmingham, UK

Dr L Kantorovitch, Kings College, London

Dr A Mayne, University Paris-Sud, France

Prof R E Palmer, University of Birmingham, UK

Prof M Persson, Chalmers University, Sweden

Dr JRepp, IBM Zurich Research Laboratory, Switzerland

Topicsincluded:

Fundamental mechanisms

Manipulation of single atoms

Manipulation of molecules

Nanoscale manipulation

Manipulation on semiconductor surfaces
Manipulation on metallic surfaces

Formation and characterisation of nanostructures

Participants:



F Chiaravalloti, Freie University Berlin, Germany
H Battenbo, University of Swansea, UK

P Kendall, Open University, UK

Robin Mukerji, Open University, UK

R Cobley, University of Swansea, UK

M Alemani, Freie University Berlin, Germany
W Xu, University of Aarhus, Denmark

S Paavillainen, Chalmers University, Sweden
O Davies, University of Birmingham, UK

M Lenner, University of Birmingham, UK

C Huchon, University of Birmingham, UK

N Kilpartrick, University of Birmingham, UK
A Poaliciano, University of Birmingham, UK
JYin, University of Birmingham, UK

Z Li, University of Birmingham, UK

In addition to the talks given by the lecturers, two afternoon sessions were allocated for participants
to give short presentations. A full program is attached at the end of this report.

B.4.3

The number of joint publications has still been very high during this third year, thus
indicating strong and effective collaborations between the groups. There have been so many visits
between the groups that it is impossible to relate in detail all these exchanges. Each group has been
in contact with al the other groups many times during this year. As expected the two theoretical
groups in Toulouse and Géteborg have been a very important link between all the groups.

B.5 Training

B.5.1

There was no need to publicise the positions since all the network positions have been
occupied quite rapidly.



B.5.2

Participant Contract deliverable of Young | Young Researchersfinanced by the
Researchersto befinanced by the |  contract so far (person-months)
contract (person- months)
Pre-doc | Post-doc Total Pre-doc Post-doc Total
(€Y (b) (at+b) () (d) (ct+d)
Orsay 30 30 24 24
Aarhus 33 33 25 25
Toulouse 36 36 33 33
Zurich 36 36 21 21
Birmingham 36 36 22 14 36
Goteborg 28 28 22 22
Berlin 36 36 30 30
TOTAL 235 235 22 169 191

Thereis basically no problem in the recruitment of young researchers.
B.5.3

The young researchers have been integrated into the research program through the meetings
in Les Houches and Birmingham as well as through all the collaborations between the groups.

B.54

The young scientists have been trained to present their works and projects during the
network meetings in Les Houches and Birmingham.



7-10 June 2005, Lucas House, University of Birmingham Conference Park

Tuesday Wednesday 8 June Thursday Friday
7 June 9 June 10 June
9.00-10.00 Q Guo A Mayne A Mayne,
Electric field Manipulation of ment fgr'gt&g?of; e
mduped . semiconductor ¥
mani pulation and surfaces|
surface
reorganisation
10.00- Y Repp L Kantorovich Dr JRepp
11.00 Manipulation of Charge state of
atoms individual gold
atomsin an
insulating film
11.00- Tealcoffee Tealcoffee
11.30
11.30- L Grill M Persson
12.30 Manipulation of L Kantorovich Modelling of atomic
molecules: part 1 mani pulation
processes
12.30- Lunch Lunch Lunch
14.00
14.00- Student workshop Student workshop
16.00
16.00- Tealcoffee Tealcoffee
16.30
16.30- L Grill M Persson
17.30 Manipulation of Theory of atomic
molecules. part 2 manipulation
17.30- Q Guo
18.30 Manipulation of
single molecular
layers
19.00 Dinner, Dinner, Lucas House | School Dinner,
Lucas Birmingham
House City Centre
20.30 RE Palmer

STM induced single
molecul e dissection




